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Primers with noiveomplementary tails for detection of diagnostic base sequences 



(57) Detecting a specific base sequence by: 

1> contacting a sample with a primer comprising a base sequence complementary to the specific base 
sequence to be detected and a non-complementary tail sequence further comprising tag and detector regions 
such that an extension product of the complementary sequence is formed when the spedfic base sequence is 
present in the sample; 

2) contaoing the extension product formed in (1 ) with a further primer which hybridizes remotely from the 
diagnostic base sequence to produce a further extension product comprising sequences that are 
complementary to the tag and detector regions; 

3) contacting the further extension produa of (2) with a tag specific primer to produce a further extension 
product comprising a sequence corresponding to the detector region which can be detected in the latter 
primer extension product by, e.g. TagMan, Molecular beacons or L£GS, or PRC" 

Can be used with amplification refractory mutation system (ARMS). 7 



At least one drawing originally filed was informal and the print 
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PROCESS 

The invention relates to novel methods for the detection of diagnostic base 
sequences in sample nucleic acid. In particular the invention relates to the use of tailed 

5 primers in such methods. 

The invention is an improvement on currently established procedures for the 
detection of nucleic acid sequences. The detection of nucleic acid sequences is a desirable 
and necessary procedure in the following exemplary areas; detection and diagnosis of alleles 
responsible for genetic diseases in humans and other species; detection and diagnosis of DNA 

10 sequences associated or linked to genes that may or may not be involved in disease in humans 
and other species; detection and dii^osis of neoplasms and the effects of therapy of 
neoplasms; detection of and distinction between different pathogens (eg. viruses, bacteria and 
fungi); determining the purity of animal strains and pedigrees; distinguishing and identiiying 
different humans and animal samples in forensic medicine. 

1 5 The polymerase chain reaction (PCR) as disclosed for example in U.S. Patents Nos 

4,683,202 and 4,683,195 has been used to amplify specific DNA sequences. However, PCR 
does not, by itself, provide a method to detect single base mutations. It has been necessary to 
combine the PCR with other techniques, for example allele specific oligonucleotide probing 
of PCR amplification products. 

20 We have now devised a novel assay system for the detection of diagnostic base 

sequences 'wiiich uses tailed diagnostic primers having a tag region and a detector region. 
Under appropriate conditions any diagnostic primer extension product acts as a tenq>late for 
extension of a further primer. In which case a sequence complementary to the tag region and 
the detector region will arise in the further primer extension product. A tag primer is provided 

25 which can hybridise to the complement of the tag region in the further primer extension 
product and be extended. A diagnostic base sequence is identified by reference to the 
sequence complementary to the detector region in the tag primer extension product 

Therefore in a first aspect of the present invention we provide a method for the 
detection of a diagnostic base sequence in nucleic acid comprised in a sample, which method 

30 comprises contacting the sample under hybridising conditions and in the presence of : 
appropriate nucleoside triphosphates and an £^ent for polymerisation thereof, with a 

I 
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d.ag„o«icpri™r for ftediagnosticba^ sequence, .he diagnostic prim, havingaui, 

.e,ue„ceco.pH.nga.g.,io„andade.ec.or^ion,sucha.,ane.e„s,„„p.„,„„„,^, 

d.agnosncpn™„.s^U,e.s«iwHc„«.eco^spo„aing.agnos..B^ 

^.he sample. noe«e„si„np.duc.^gs.n.hes.ed When *eco.es^„di„g,.j3.r^ 

5 se,„ence«no.p.senU„.esan,p,eandan.e«ensionp.„duc.of.ediag„„Lci.ra r 
a.«ore«ensio„orafi«he.pH™.w.chh.hndises.oa,„c„saLj^^^^^^^ 

d^»s.cha.se,„ence,andco„.cting.hesan,p.e„.:Ha.agprin.e.wHcH«^^^^ 

^b„d..s.o*eoo™p.e™en.of.,e.agse,ue.einane«e„sionp.„d..of.he^^^^^ 

J..cx.c«,ed. and ae..cting*ep^eeo.absenceor,,e diagnostic base seq^ncer^^ 
. 0 referee .„ fte detector region in fte teher primer extension product. 

'^'''"'"°"=8"""»*'fi«^«Primerextensionpr«l„ctntaybedetec,ed 
.na„„„^„,„.,,,„,_^,^^_^^^_^^^^^_^_^^^^^^^^^^ ^^^^^^^^ 

ofenn.nneade.ectaMesig„a,upo„i«erac.ionwi.Hthede.ec.orregion,„thefi^^^^^^ 
^s.onpro^uc.wHere...hepresenceorabsenceo.thediaenost,c^ 

.5 detected by^ferencetothedetectablesigna.. It wi,, Be appreciated that the detector species 
.a^^^eassociated^ththecotrespondtngdetectorregtonuntiitargetdependen 
ybnd.sa..on and fitr.herpri„erex.e„s,o„ has occurred, ^ssysten, is weUsuL for 
hontogeneous assays and rea. time or end point analysis. A detector species ,s any species 

^pa^^ofseiec^Veassoetatton With the detec.orre,oni„a^erpnn,erexteI^^^^^^^^^^ 
20 and releaseofadetec.ah,esig^.,t Win he appreciated that hy-selectiveassociatton- 



'^'^'''"-O'^c.esiden.if.esandbindstothedetectorregionin.hefi^^^ 
x,ens.„nproducttothee«,usionofothern„c,eicacidse,enccsi„thesa™p,e. Suchdetect r 
pcc.es ntayu^ciude antibodies andhyhridisationpr„he(s).Apar,icu,ar detector species 

.5 irx"'"'':^'"'"''^""-^^- — — yreicas:;:: 
rgprrr 

tagpnmer^,nti,espec,f,c description hereinafter we describeanuntber Of alternative 

«se.„c.udede^tion Of the Change in shapeofaprobeupo^ 
use of two or »o„ ptobes having i„tc„«ive labels such as for example the use of 

«~«-0"-=e»«gy Wer,theuseofscintil.ationp..xin.i.yassays(SPA, the 
labelled probe.Furt»r systems wiU be apparemto the scientist of ordinary skill. Tl«se 
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include the use of a solid phase capture probe for the detector region in the fiirther primer 
extension product. It will be appreciated that both direct and indirect labelling methods may 
be used to detect the immobilised further primer extension product. By way of example a 
further labelled probe for a region other than the detector region may be used. AlterMtively, 

5 intercalation may be used to detect tiie detector region/probe DNA duplex. Also, labelled 
dNTPs may be incorporated into the further primer extension product. 

The sequence of the detector probe need not be the same but is conveniently 
identical to the sequence of the detector region in the tail. It will be appreciated that minor 
changes may be made to the sequence of the detector probe without affectii^ its performance 

1 0 to any significant extent. 

Alternatively the complement of the detector region is detected by reference to 
its size contribution to tiie overall amplification product of the tag and further primere. A 
convenient size difference may be used, even as little as one bjise pair difference can be 
detected on a gel. Generally however size differences of at least 5, conveniently at least 10, at 

1 5 least 1 S or at least 20 base pairs are used. This aspect of the invention is of particular lise 
where two or more alleles of a genetic locus are to be detected in a single assay mixture. 

The tag primer is capable of hybridisation to the complement of the tag 
sequence in the further primer extension product. It will be understood that the diagnostic 
primer extension product is separated from the further primer extension product prior to 

20 hybridisation of the tag primer. The sequence of the tag primer is conveniently identical to the 
sequence of the tag region in the tail. The tag primer preferably comprises a sequeckse capable 
of hybridisation to all tag sequences. All tag sequences are preferably identical. Again it will 
be appreciated that minor changes may be made to the sequence of the tag primer without 
affecting its performance to any significant extent. The use of a conunon tag primer and 

25 common tail sequences has significant cost advantages for a typical assay. 

It will be understood that the diagnostic primer tail is non-complementary to 
any relevant genomic sequence or adjacent region so as not to compromise the assay. 

In known diagnostic PGR procedures mispriming may occur at each amplification 
cycle, especially where the primer is used to detect for example single base mismatches or to 

30 detect a particular sequence against a background of related sequences. Such mispraning may 
only occur as a very low percentage of total priming events per amplification cycle but will 
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■nc^a.. signifies,,, ^ , fi„,«,„ ^^^^^^^ 

compnsesatwosmge procedure wherein aaafi,., stage fte initial interaction beuveena 
d.ag„ostic primer con^rising tag and detector regions and a san,p,e ,en,pUte ™ay conducted 

at op, u„k3,bri,i^tion stringency. Any printer extension products ate ti,en amplified using 
afintherpn^er. As a second stage tite above extension products ate then antplified using a 
tagpnnterandthefUrtherprinter. Accordingly, whilst .isprinung .ay still initially occur the 
overall level may be significantly reduced. 

As indicated above the tail sequences may be flte same or different but ate 
convenien.|yidenticalorsnbsUmtiallyshni.arsothatasingle,ailprimerm TTtis 
.0 facthtates the perfonnance of large multiplexes without overloading the reaction mix wiu, 
dtffe^nt primers. We have found titat tite use of identic^ tag sequences can be 
advantageously used ,c even out .he efficiencies of diffe^t amplification reactions 

_ ^"--='-fc-'«*a..ailedp,ime,scanalsobeused.opreventd,efotma,ionof 
prnner dimers" and oUter inter-primer attefects. These are a particular problem in 
>5 hotnogeneous assays using for example int^calating dyes ,o detect double stranded nucleic 
ac.d. They result in false positive signals. See for example Ishtg^o et al. Anal. Biochem 
1995, 229. 207-213. especially pages 211-212. Whilst we do not wish to be limited by 
Uteoreucal considerations, it is believed that ti,e fonnation of primer dimers is dependent on 
--^'S.^ofhomologybe.weenprimetsandtheirusea.highconcenti.tions. Itmaybe 

20 possible to reduce titeformationofprimer dime,, by caretulpnmerdestgn. However where 
niany pn«e« are used at high concentrations, for example in PCR multiplexes, this becomes 
mote difficult. We now disclose ti« use of diagnostic and fitrther primets which are genome 
specfic at ,he.r 3--,ermini but which carty a detector region and common extensions (tags) at 
ftetrs -tennini. ^hese ate used in combination with a common tag primer whtch can prime 
ftomthecomplemen,offl,e,agsequenceinextensionproduc,soflWd,erprimer,s) Thus 
whtls. primer dimers and other inter-primer artefacts could occur durmg firs, phase diagnostic 
pnmtng, these cannot be ampUfied during subsequent .ounds of tag specific priming. It will 
be apprecated that the diagnostic primers are convenien.ly used a. concen.ra.ions which 
allow satisfectoo- phming on Uteir genomic ,empla.e(s) b« do no, allow significant PCR 
30 amplification. 
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The common tag primer is used at higher concentration than the genome specific 

primers. 

To ensure that primer-dimers and other artefacts are avoided a common tag 
and common tag primer are preferably used for all primers present in a reaction mix, 

5 including control primers. 

We have now found that it is advantageous to switch from diagnostic primer priming to 
tag primer p rimin g by means of a temperature switch. The primers are selected so that the 
melting temperature of the tag primer is higher than the genome complementary region of the 
diagnostic primer. An increase in temperature will favour priming, for example after one or 

10 conveniently two rounds of diagnostic primer priming, by the tag primer. 

The diagnostic primer may be an allele specific primer. In EP- A-0333465 
(Baylor College of Medicine) there is described a detection method using two competmg 
primers for the detection of diagnostic base sequences which differ by as little as a single 
base. This method depends on careful control of melting temperature (Tm) and is known as 

15 competitive oligonucleotide priming (COP). Competing primers may be used in the method 
of this invention, either the primers are differentially labelled or the amplification products are 
separated according to size, for example by the use of different size tails on the primers. 

Furthermore in our European Patent, Publication No. 0332435, the contents of which are 
incorporated herein by reference, we disclose and claim a method for the selective 

20 amplification of template sequences which differ by as little as one base. The above method 
is now conmionly referred to as the Amplification Refiractory Mutation System (ARMS). 
This is of particular use, for example, where diagnostic base sequence(s) are only present in 
low concentration in complex nucleic acid mixtures. 

Therefore in a preferred aspect of the above detection method a terminal 

25 nucleotide of at least one diagnostic primer is either complementary to a suspected variant 
nucleotide or to the corresponding normal nucleotide, such that an extension product of a 
diagnostic primer is synthesised when the terminal nucleotide of the diagnostic primenis 
complementary to the corresponding nucleotide in the diagnostic base sequence, no extension 
product being synthesised when the terminal nucleotide of the diagnostic primer is not 

30 complementary to the corresponding nucleotide in the diagnostic base sequence, b : 
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The diagnostic primers for use in the preceding aspect are conveniently 
designed with reference to our above mentioned European Patent, Publication No. 0332435. 

By "substantially complementary" we mean that primer sequence need not reflect 
the exact sequence of the template provided that under hybridising conditions the primers are 
5 capable offizlfilling their stated purpose. This applies equally to diagnostic and tail primers 
In general, mismatched bases are introduced into the primer sequence to provide altered 
extension rates with DNA polymerases. Commonly, however, the primers have exact 
complementarity except in so far as non-complementary nucleotides may be presem at a 
predetermmed primer terminus as hereinbefore described. 
10 In the diagnosis of, for example, cancer the situation may arise whereby it is 

desirable to identify a small population of variant cells in a background of nomial cells The 
ARMS system is well suited for this purpose since it discriminates between nonnal and 
variant sequences even where the variant sequence comprises a very small fraction of the total 
DNA Whilst we do not wish to be limited by theoretical considerations we have successfully 
15 Perfoimed ARMS assays in which the ratio ofmutant to nonnal DNA was 1:100 and we 
believe that even larger ratios may be readily used. To optimise the sensitivity of the ARMS 
reaction h may be perfomied m isolation ie. with a single ARMS primer since in duplex or 
multiplex reactions there may be competitive interaction between the individual reactions 
resulting in a loss of sensitivity . A control reaction is desirable to ensure that a polymerase 
20 chainreactionhastaken place. In a test for an inherited mutation the copy number of the 
mutation and other genomic is typically 1 : 1 or 1 :2, so a genomic control reaction can be used 
without compromising sensitivity or creating an imbalance in the system. In a cancer test 
however, the use of a genomic control reaction may swamp the test reaction leading to a loss 
of sensitivity. We have now found that ARMS primer(s) comprising tail sequences may 
25 advantageously be used in a two stage amplification procedure comprismg a genomic control 
reaction. In the first stage ARMS primer(s) comprising non-complementary tail(s) are used to 
amplify any variant sequence which may be presem. In addition to the ARMS reaction a 
genomic control reaction is performed in the same reaction vessel using primers at very low 
concentation. The control reaction primers also have non-homologous tails which may or 
30 may nothavethesamesequenceasthe ARMS primertail(s). In the second stage tail specific 
pnmers are added and the temperature increased to prevent the original genomic control 
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primers from functioning. In this second stage any variant sequence product is further 
amplified and the product of the control reaction from the first stage is also amplified to give a 
detectable product Thus the ARMS reaction will only take place if variant sequence is 
present in the original sample and the control reaction will only function if both the first and 
5 second stage amplification reactions have worked. 

A further and important use of ARMS is for detecting the presence or absence of 
more than one suspected variant nucleotide in the same sample. The ability of ARMS to 
selectively amplify sequences depending on the predetermined nucleotide sequence of the 
diagnostic primers enables multiple amplification products to be distinguished simply, 

10 accurately and with minimal operator skill thus making it possible to provide a robust 

technique for screening a single sample for multiple nucleotide variations. The use of ARMS 
to detect more than one suspected variant nucleotide in the same sample is conveniently 
referred to as multiplex ARMS. Multiplex ARMS is thus of particular interest in screening a 
single sample of DNA or RNA for a battery of inherited conditions such as genetic disorders, 

15 predispositions and somatic mutations leading to various diseases. Such DNA or RNA may 
for example be extracted from blood or tissue material such as chorionic villi or amniotic cells 
by a variety of techniques such as those described by Maniatis et ^, Molecular Cloning 
(1982), 280-281 . Morever as the molecular basis for further inherited conditions becomes 
known these further conditions may simply be included in the screening technique of the 

20 present invention. 

Multiple amplification products may be distinguished by a variety of 
techniques. Thus for example probes may be employed for each suspected amplified product, 
each probe carrying a different and distinguishable signal or residue capable of producing a 
signal. 

25 A much simpler and preferred method of distinguishing between ARMS 

amplification products comprises selecting the nucleotide sequences of the amplification 
primers such that the length of each amplified product formed during the process of the 
present invention is different. In this regard the number of base pairs present in an 
amplification product is dictated by the distance apart of the diagnostic and amplification 

30 primers. Thus the amplification primers may be designed such that each potential variant 
nucleotide is associated with a potential amplification product of different length. 
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In an ARMS reacUon diagnostic for a particular point mutation the sequence of the 
pnmers .s largely constrained by the sequence of the DNA adjacent the mutation of intet^st 
TTie 3' base of the primer usually matches the base altered by the mutation and extra 
destabilisadon is introduced ,0 give the required level of specificity. TTe term "specificity 
5 refers to the ratio of the yield of product when an ARMS primer is used to prime its targe, 
sequence compared to the yield of mis-primed product from the non-target sequence. 

In a multiplex ARMS reaction it is desirable that die individual ARMS 
reactions work with similar efficiency to allow the simultaneous detection of all a,e reaction 
products. This may be achieved for example by altering the concennadon of the primers 
10 alteration of a,e number/composition of reactions, or alteration of the ammour,. of additional 
destabthsations introduced into the ARMS primers. Whilst these methods are normally 
sufBcient to obtain a balanced multiplex ARMS reaction tite use of tail ormg sequences may 
have advantages in certain sintations. In particular ti«se may allow a more specific test By 
way of example, where a strong additional mis.ma«:h is used to obtain specificity the yield of 
15 corresponding multiplex product may be low. Reducing tite additional mis-match strengti, 
may not be possible wititout compromising specificity. A tail sequence which in combination 
wtfl, a tail specific primer provides a good substrate for a DNA polymerase may be used to 
balance the multiplex reaction. A range of tail/primer combinations of know, priming ability 
may be provided. Thus by way of example as a first amplification step Ute 
20 priming/mis-primi„g mtio is optimised witirout regard to product y.eld. Product y.eld is titen 
balanced in second amplification step using an appropriate range of tail/primer 
combinations. 

In our UK Patent No. 2252407 (Zeneca) we disclose and claim tiut multiplex 
ARMS may be successfuly performed where diagnostic primer extension products of more 
25 titan one dUgnostic base sequence of a nucleic acid sample comprise a complementary 
overlap. This unexpected improvement to multiplex ARMS ,s refeired to hereinafter as 
overARMS. OverARMS now facilitates tite detection and analysis of, for example, inherited 
or infectious disease where tite potential variant nucleotides are closely spaced. 

In an overARMS reaction tite size of tiie reaction products can be used to identify 
30 n^Uvidualcombinationsofvariantnucleotides. Where ti« products are separated for example 
on an agarose gel .his approach may be limited by tite resolving power of tiie gel. By way of 
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example in a high resolution agarose gel overARMS may presently be used to identify 
mutations within about 10-15 bases of each other. The size of the outer overARMS primer 
was increased to give a larger product and we surprisingly found that the yield of the smaller 
overARMS product was significantly reduced. Whilst we do not wish to be limited by 
5 theoretical considerations we believe that target masking takes place due to the increased Tm 
of the larger overARMS primer which binds preferentially to the target DNA and prevents the 
smaller overARMS primer from hybridising. Use of a tailed outer overARMS primer may 
provide the increased product size necessary for resolution but since it is non-complementary 
at its 5' end the Tm will be similar to the smaller primer. 
10 OverARMS is conveniently used for HLA typing, in the diagnosis of p-thalasaemia, 

sickle ceU anaemia, phenylketonuria (PKU), Factor VIII and IX blood disorders and a 
-1 -antitrypsin deficieny. A particular use for OverARMS is in the detection and diagnosis of 
cystic fibrosis. Convenient cystic fibrosis alleles are disclosed in our European Patent 
Application No. 90309420.9; by B. Kerem et aL Science, 1989, 245, 1073-1080; by J.R. 
15 Riordan et aL Science, 1989, 245, 1066-1073; by J.M. Rommens et aL Science, 1989, 245, 
1059-1065; by G.R- Cutting et aJ, Nature, 346, 366-368; by M. Dean et aL Cell, 61, «63-870; 
by K. Kobayashi et aL Am. J. Hum. Genet., 1990, £7, 611-615; by B. Kerem et aL Proc Natl. 
Acad. Sci. USA, 1990, 82, 8447; by M. Vidaud et al. Human Genetics, 1990, 85, (4), 
446-449; and by M.B. White et al. Nature, 344, 665-667. 
20 Our two stage amplification process using diagnostic and tag primers in 

combination with a fiirther common primer is conveniently carried out using all three primers 
simultaneously and preferably using a ratio of tail specific and/or fiirther primer(s) to - 
diagnostic primer(s) of at least 1:1, such as at least 20:1, at least 30:1, and at least 40:1, 
preferably at least 50: 1 . " ' 

25 All of the above detection methods involving PCR amplification may be provided as 

homogeneous assays. 

The nucleic acid in the sample may be nucleic acid derived fix>m for example 
viruses, bacteria (genomes and plasmids), bacteriophages, eukaryotic cells (nuclear, piasmid 
or organelle), humans, animals, plants, latent viruses in human or other cells. The sample is 
30 conveniently obtained fix)m an individual using conventional techniques. The nucleic acid 
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degraded, extraoed from cells or just released upon cell death 

ARMSassays. A. a poy^hic locus in a diploid organism there are typically ,«„ 

d.fferen.a.,e.es(AandB)andhence«ueep„ssiblege„otypes(AA.ABandBB). Oneway,o 

d^the genotype is to pcrfo™ two separate ARMS reactions, one specific for aUelcA 
^d^e other specific for alleles. ItisaUopossible to include hothflteA-andB-s^^^^ 

whtchofthepn^ershaveantplified. In pracdce .here n.y be problems such as non- 
.Ospecmcrtyslncethe ARMS reaction product fiom one aliele-specificprta^^ 

^getformrsprnning for the other primer. However in the method Of the pr^nt in. 
^■n..^ extension reaction is from the UUled ARMS primer but subsequent a^phfication is 
v.atl^e.,pr.mer.After,forexample.hesecond round ofPCR.heARMSpHmerconnibu.es 

,onprocessandconse,uen.y*eprobabi,it,,ofi„appropnate 
™fi.mnon..argetreactio„pr„duc.isgreaUy,«iuced. The use of a ,cmperan.e shift 

~laftersay .wo roundsofPCR to promo.e tag priming, willft^erreduce^e Chance 
of mts-pr^ing. De.ectio„ of the products of different diagnostic primers is by differential 
product size or differential labelling. 

20 de.e«- '^'""'^'^"'''^"''"''"■^'''"■^"--"---■thanumberofknown 
20 detecuonsys^ms. By way of example it may be used .o improve the .qman assay as 
de^n^d for example by Holland et al, Pr<..Na«. Acad. Sci.USA, .991, 8S, 7276-7280 and 

Toer A T""'"" - 

A-0639647.Asnllfi,r.her assay is «.c strand displacement .say (SDA), see for =x»^^^^ 

25 5^ >''^. ^"(^X 348-353, EP-A-O 678 581, EP-A-0678 

25 582, and EP-A-O 684 315. 

The invennon will now be firter tllusfrated bu, no, Itmited by reference .o fte 
followmg detailed description. Example, Table and Figures wherein- 

FAMO-AMRA m tbt TagMan embodimen. of d,e invention. 
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Figure 1 . The difference between Ya and the No DNA samples is strongest at 2.4 mM 
Mg. However, these conditions also favour ARMS mispriming and the difference between 
Ya and Yi is smaller; this is an ARMS dependent event. 

Figures 2-4. Each of three replicates for Ya and No DNA is presented for three 
5 different Mg concentrations (Figure 2 - 1 .2mM Mg, Figure 3 - 2.4mM Mg, Figure 4 - 4.4mM 
Mg). The reproducibility is good and the ratios between positive and negative samples is 
impressive. 

Figure 5 shows a comparison of a TagMan assay of the invention with an optimised 
TaqMan assay, looking at an Insulin gene polymorphism). TagMan performed well. Indeed, 
10 at 2.4 mM Mg, the difference between positive and negative results was nearly two-fold better 
than that for the insulin amplicon. We believe that the TagMan probe anneals far more avidly 
than the amplifying TAG primer. 

Figures 6-8 show comparisons with various controls. In order to be sure that signals 
obtained were produced as a result of the introduced reporter portion of the original primer, 
1 5 control experiments using tailed primers missing this portion were carried out (Figute 6 - 1 .2 
mM Mg, Figure 7 - 2.4 mM Mg, Figure 8 - 2.4 mM Mg). In all cases, the absence of the 
reporter region lead to fluorescence ratios comparable to the negative controls. No 
inappropriate probe cleavage was taking place under the conditions tested here. 

Figure 9(a) shows genomic priming using the tailed three phase (3*) primer of the 
20 invention. The tag region of the tail (abc) and the detector region (xyz) are shown as is the tag 
primer (abc). 

Figure 9(b) shows complementary strand synthesis from the further primer (cba). A 
copy of the tailed 3* primer has now been made. ^■ 
Figure 10 shows the TagMan detection embodiment of the invention. 
25 Figure 1 0(a) shows the further primer extension product (cba and arrow and following 

dotted line). The tag primer (abc) and probe (xyz) with attached fluorophore and quencher are 
shown and can now anneal to the copied tail 

Figure 10(b) shows polymerase mediated extension of the taq primer, this encounters 
the hybridised probe and efficiently cleaves the probe, releasing the measured fluorophore 
30 away from its quencher. This is the same as conventional TaqMan. 
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F.g«« 1 0(c) shows continued amplification of the taijet region driven by the ug 
pnmer (abc) and efflciem cleavage of a,e Taqlvlan p^be (xyz). This allows «al time or end 
po,n. detection of the released fluorophore. The tag primer and the TaqMan probe are 
mcluded in ti,e PCR at high concentrations, while the long tailed primers are included at low 
5 concentrations, to maximise tag driven priming. In order to maximise the efficiency of the 
Ptocess, the TaqMan probe should annea] more strongly than tf,e tag primer, otherwise 
cleavage wil, be inefficient. This can be achieved by manipulating ti» melting t«npe«ures 
of Ute pnmers and ti>eir relative concentrations. When using TaqMan for allele discrimination 
the ASO element of the approach t^juires that the probe annealing is borderiine to obtain 
10 maximum diffetentiation between the two variants. The new system is more easily 

oprimtsable because of the probe and drive elements are user-selected and can be optimised 
once for all amplicons. 

Figure 1 1 shows the Molecular Beacons embodiment of the invention. Molecular 
beacons makes use of a similar quenching effect: at the ends of a probe are 5 bp sequences 
15 complememaryto each other. Ateachendoffteptobeisamemberofapairof fluorophores 
one absorbs ti,e exctation light and emits it a wavelength which is quenched by the other 
fluorophore. At low temperatures, the complementary regions of ti,e of dte probe cause tite 
formation of U,e stem loop stiucntre, bringing tire two fluotophotes close to each other and 
amphfied target, then it should hybridise, disrupting the hairpin and releasing the firs, 
20 fluorophore from Uie quenching effect of flie second. 

Figure 1 1 (a) shows die the fimher primer extension product (cba and arrow and 
following dotted line). The tag primer (abc) and molecular beacons probe (xyz) can now 
amteal to ti,e copied tail. Continued amplification of ti,e targe, region is driven by the tag 
pnmer. die middle portion of primer is copied repearedly. 
25 Figure 1 Kb) shows a fteher primer extension product resulting from ti,e continued 

amphfication. The quenched beacons probe (xyz) hybridises to the copied middle section of 
the tag pnmer. I, becomes stretched, releasing ti,e emining fluorophore from tite quenching 
effect of the second fluorophore. 

The Molecular Beacons method is a good way to detect amplicons but not so well 
30 smtedforallele discrimination. I" our new scheme, allele discrimination can be obtained via 
ARMS bu, more importantly, the probe region may be designed witi, ti,e idea of maximising 
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the stretching out effect caused by the hybridisation. In particular, the last 5 bp on the ends of 
the probe can be made to hybridise to the target rather than "flapping around"; this should 
allow the use of shorter probes and yield stronger signals. There is no need to design and 
produce new and expensive probes for each new araplicon, a generic probe can be used for 
5 many different amplification ta^ets. The system is multiplexible by changing the probe and 
introduced target sequences, and using a different pair of matched fluorophores. 

Figure 12 shows the FRET detection embodiment of the invention. The basic 
method for this approach is to introduce two probes each carrying a member of a fluorophore 
pair. When the two probes hybridise to their amplified targets (which are essentially adjacent 
10 to each other), the absorbed energy from exciting the first fluorophore is transferred to the 
second fluorophore which then emits at its characteristic wavelength- This can be greatly 
shifted fix)m the excitation and emission wavelengths of the first fluorophore and produces 
very low backgrounds. In this format, the spacing between the two probes is crucial and 
requires case-by-case optimisation. Furthermore, the use of two fluorescent probes for each 
15 amplicon is an expensive and cumbersome path. 

Figure 12(a) shows continued amplification of the target region driven by the tag 
primer (abc) in combination with the further primer (cba). The middle portion of the primer 
(detector region) is copied repeatedly. Also shown are two probes (x,y; and z) which each 
carry half of an energy transfer pair. 
20 Figure 12(a) shows how, after amplification, the two probes hybridise to tiie copied 

middle section of the tag primer. This allows energy transfer between the probes thus 
generating a detectable signal, with low background. 

By allowing the user to define the probe sites, a single probe pair can be designed and 
optimised. This is then suitable for use against any target. This system can be multiplexed by 
25 simply changing the middle portion of the original primer and using a different pair of 
fluorophores on appropriate probes. A refinement of this technique, suitable for real-time 
assays, is to use directly abutting probes which, once hybridised to the introduced target can 
be ligated together, for example using a thermostable ligase, and thus fixed in their 
fluorescing configuration. The ligated double probe can then be displaced by the (taq) 
30 polymerase. The ligated product may be to be modified to prevent (TaqMan) cleavage of the 
newly adjoined sequences. 
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Figure 13 shows the Capture and Detection embodiment of the invention The 
introduced middle section which becomes copied can be used as the sequence by which 
specific PGR products are captured. Post capture, a detector molecule can be introduced by 
way of a second target related probe and detection proceeds as appropriate. In this way 
5 mutant and normal amplicons can be decoded, simply by havmg umque capture sequence 
Figure 13(a) shows continued amplification of the target region driven by the tag 
pnmer (abc) in combination with the further primer (cba). TT.e middle section of the further 
pnmer extension product is copied repeatedly. Each amplicon may have a characteristic 
capture signature (ie. xyz can differ). 

Figure 13(b) shows how the middle portion (x'y 'z') of the further primer extension 
product :s a target for capture by an immobilised probe (xyz). A further probe (Imn) which 
carries a label (eg. biotin, horse raddish peroxidase, or alkaline phosphatase) may be 
hybridised to the amplicon for subsequent detection. In this way mutant and normal 
sequences may be detected in a single vessel, such as a tube, by using differem capture 
15 regions to discriminate between the two products. 

Figure 14 shows the Lanthanide Enhanced Genetics System (LEGS) embodimem of 
the invention. LEGS is disclosed in our PCT patent application no. WO-95/08642. In LEGS 
a partially caged Europium ion is attached to a probe. When a PGR product is rendered single 
stranded and hybridised to such a probe, a double-stranded region is produced. Also present 
20 m the mixture is a synthetic Intercalator/Sensitiser (I/S) molecule which intercalates in the 
double-stranded region. The mtercalator also has a linker ami which ends with a second 
caging group. In an appropnate conformation, the partially caged Eu ion can become fully 
caged thanks to the I/S molecule. This excludes and leads to a strong, time-resolved 
fluorescence effect. The I/S molecule is difficult to synthesise and may not be fiilly heat 
25 stable. 

Using the three phase pnmer of this invention, the middle phase can be constructed to 
allow a probe carrying a chelate of Eu to hybridise adjacem to a second probe bearing another 
caginggroup. This generates a fully caged Eu ion which then fluoresces. A major advantage 
of this system is that no complex organic synthesis is required. In addition, the second 
30 chelator can be introducedinatargetedmanner. Using known techniques, both the Eu 
chelated probe and the cage probe can be readily synthesised. 
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Figure 14(a) shows continued amplification of tiie target region driven by the tag 
primer (abc) in combination with the further primer (cba). The middle section of the further 
primer extension product is copied repeatedly. The mixture also contains two probes (x.y: 
and z), one of which carries a chelated lanthanide, the otiier carries a second chelating group. 

5 Figure 14(b) shows how, after amplification, the two probes hybridise to the copied 

middle section of the further primer extension product. This causes complete caging of the 
lanthanide ion resulting in high efficiency time resolved fluorescence. 

Figure 15 shows probe cleavage detection methods other than using tiie 5' 
exomculease activity of taq polymerase. The probe and the introduced target may differ by 

10 one or more bases, rendering any duplex formed between tiie two susceptible to cleavage by a 
number of methods, such as chemical cleavage or "cleavase" enzyme. ~ 
Other approaches include the introduction of a restriction site on the middle position of the 
primer. After PGR, this may be cleaved releasing the detected fluorophore from its quencher. 
The newly syntiiesised DNA may be restriction endonuclease resistant (e.g. by using 

1 5 metiiylated or phosphotiuoate dNTPs). We then allow ttie unprotected probes to be nicked 
when annealed to tiie target. Using a tiiermostable endonuclease would render tiiis assay 
format fully homogeneous and suitable for real time detection. Alternatively, some enzymes 
require metiiylated double-stranded DNA for cleavage and these in combination witiia 
methylated probe provide a further detection system. 

20 Figure 15(a) shows shows tiie further primer extension product (cba and arrow and 

following dotted line). The tag primer (abc) and probe (xyz) with attached fluoroiAore and 
quencher are shown. These may anneal to the copied tail. 

Figure 1 5(b) shows the probe (xyz) being cleaved using chemical or enyzmatic 

methods. 

25 Figure 16 shows otiier binding based methods. The introduced and copied, middle 

segment of the primer may also be designed as tiie target for a number of specific binding 
techniques, which may be suitable for product detection. For example, a triple helix motif 
may be introduced allowing specific detection of completed double-stranded amplicons. 
Another example is mismatched probes detected by mismatch binding proteins. Otiier 

30 sequence specific protein binding events may be suitable for detection of the amplified middle 
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=egm.m. Finally, simple FP probes may be detected and enhanced by bavins nrote' w . 
superimposed upon the probe/target hybhdisation. ' ' 

prime < f f " '"''^ 'he «g 

-"<^>— onwi«.«.e«,erprimer(cba). The middle section of L J„ 
5 ^nm^extenstonproductiscopiedrepeatedly. Each amphcon .ay have a characerisr 
capture signature (ie. xyz can differ). 

"7'«f*>^'>°-''-*ecopyofthemidd.epo,tio„(x'yV)offl,efu«herprimer 

~nproduc.,satargetfor.u^,t.e„,bindingofant™berorde.ectormo,ecules.^^^^ 
tnple hehx is foimed using probe x*y*z*. 

primers. " ^* '^■^S 

Figure 17(a, shows allele specific extension of diffe^ntially labelled ARMS 3- 

ARMS products .st^om the commontagpnmercabc, Products .cm thcAs^cific ARMS 
pnmernowcontatn the repotterscuencexy^wbereasproducts from theBspecfic ARMS 
pnmercon.aintherepo^rse,uencers..Oiffere„,ialde.eo.ionisco„vcnie„.,ybys,X 

Examp le 1 

Materials anw M^i^Trd? 



Primers and Probes 



25 



Code Comment 



S7970 



(5') Amplifier 
Portion 



(Middle) 
Reporter 



portion 

Amplifies Tagged 5'CGTACCACGT NONE 
amplicon GTCGACT3' 



(3') Genome 

Priming 

portion 

NONE 
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HpHlF insulin gene 



5'AGCAGGTCTG NONE 
TTCCAAGG3' 



Primer/amplifier 
sequence 



HpHlR insulin gene 



5'CTTGGGTGTG NONE 
TAGAAGAAGC3' 



Primer/amplifier 
sequence 



INS- insulin gene- 
BFl probe 



NONE 



5'FAM- NONE 
CCTGCCTGTCT 
CCCAGATCAC 
TAMRA3' 



AF508 common 5'CGTACCACGT NONE 

primer (Amplifier GTCGACT3' 

tailed) 



5'CACTAATG 
AGTGAACAA 
AATTCTCACC 
ATT3' 



T2120 TagMan Probe NONE 



5'FAM- 

CTGGCATCGG 
TAGGGTAAGG 
ATCGGTATCGT 
AMRA3' 



NONE 



T0990 Triple-phase 



5'CGTACCACGT 5'(GCGTACT)C 5'GCCTGGCA 



primer for AF508 GTCGACT3 ' 
amplicon 



TGGCATCGGT CCATTAAAG 
AGGGTAAGGA AAAATATCA 
TCGGTATCG3' TTGG3' 
Bracketed portion 
is an optional 
"hinge" region 
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P1292 No reporter target 5'(GCGTACT)CG NONE 



TACCACGTGTC 
GACT3' Bracketed 
portion is an 
optional "hinge" 
region 



5'GCCTGGCA 
CCATTAAAG 
AAAATATCA 
TTGG3' 



PCRs 



Insulin amplicon: 25 pi reactions containing 
3mM MgClj 
200 pM dNTPs 
10% (v/v) glycerol 

3 ng/ml each of primers HpHl F and HpHlR 
50nMINS-BlFprobe 

5 ]il genomic DNA (or water for negative controls) 
0.625 units of Taq polymerase 

in Ix Amplitaq Buffer 



20 



These reactions were performed using a two step cycle: 
40 cycles x {94 * C for 1 min; 58 * C for 2 min} 

Ya reactions (150 pi) contained 1 x ARMS buffer with: 100 pM dNTPs. Primers 
T0990 and S7033 at 10 nM, S7970 at 500 nM, T2120 at 50 mM, 225 ng AF508 
homozygote DNA and 6 unites of Taq Polymerase. Some reactions were 
supplemented with Mg to 2.4 or 4.4 mM 

Yi reacUons identical ,o Ya. bu. fl« target DNA was anonnal homozygote at tlte 
F508 position. 

Other controls contained no target DNA 
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To control for the reporter sequence in the Triple phase primer, P1292 (containing no 
middle portion) was substituted for T0900. 

The PGR cycles were: 2x{94°C for 1 min, 62''C for 2 min, 72°C for 1 min}, followed 
by 40x {94°C for 1 min, 64''C for 1 min}. 

5 

Analysis 

After cycling, an aliquot (10 pi) of each reaction was analysed by gel electrophoresis to 
estabhsh the efficiency of amplification. 

The remainder was analysed in 100 jil cuvettes using the Fluoromax fluorometer. Where 
10 necessary (as in the case of the insulin amplifications), repUcate samples were pooled. The 
excitation wavelength was set to 488 nm and the emission was read at 518 nm (for FAM) and 
582 nm (for TAMRA). The ratios were calculated in each case and plotted appropriately. 

Results 

1 5 The optimal [Mg] for the insulin gene region had been established as 3 wM (John 

Todd pers. comm.) Indeed, there was little or no change in the fluoroesence ratio at lower 
concentrations. This was borne out in the data shown in Figure 1 . The difference between Ya 
and the No DNA samples is strongest at 2.4 mM Mg. However, these conditions also favour 
ARMS mispriming and the difference between Ya and Yi is less impressive: this is due to 

20 ARMSnotTagMan. 

Each of three lepUcates for Ya and no DNA is presented (Figures 2-4) for three 
different Mg concentrations. The reproducibility is good and the ratios between positive and 
negative samples in impressive. 

When compared to the results obtained in an optimised TaqMan assay (the hisulin 

25 gene polymorphism) the method of this invention performed well (Figure 5). Indeed, at 2.4 
mM Mg, the difference between positive and negative results was nearly two-fold better than 
that for the insulin amplicon. This probably reflects the fact that we were able to design the 
TagMan probe to anneal far more avidly than the amplifying tag primer. 

In order to be sure that signals obtained were produced as a result of the introduced 

30 reporter portion of the original primer, control experiments using tailed primers missing this 
portion were carried out (Figures 6-8). In all cases, the absence of the reporter region lead to 
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taking place under the conditions tested here. ^ 

~,yco.b.edtopen..S^^^^^ In one case (facto. V 

independently by a chnical laboratory using a different technology). 

10 1. Cystic Fibrosis Delta FS08 

Primers (see Table I): 
V6631: Tag 20a 

V6632 common primer, tailed with 20a sequence 

V6634: 3* primer, mutant sequence, T2120 reporter 

15 V6634: 3* primer, normal sequence, T4029 reporter 
Probes: 

T2 1 20: FAM/TAMRA labelled, 

T4029: TET/TAMRA labelled. 

Reaction mixes: 

20 AUreactionswe^in >xARMS buffer with MgC, adjusted to 3.5 tnM final, plus ROX 
..en..standarda,60nMfi,^.andTag20aat500nM.^^^^^ 

U per 50 \xl reaction 

Three mixes were typically used- 

a. No™alonlyreaoion.withprimersV6635andV6632eachat,OnM.T4029at 
50 nM 

b. Mutant only reaction, with primers V6634 and V6632 each a. ,0 nM, 77120 at 
50nM 

c. STCwithall,hreeprimersincIudeda.I0nM,bo.hpt„besat50nMeaoh 
<-yling conditions: 

30 20 minutes at 94»C to activate the Amplitaq Gold 

2 cycles of 94°C. 40s; 62»C, 80s; 72°C, 40s (genomic priming) 
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40 cycles of 94''C, 4s, 62''C, 80s (Tag priming) 



2. CTLA4A polymorphism 

Primers (see Table 1): 



5 



V6631: 



Tag20a 

Common primer, tailed vsdth Tag 20a sequence 



V3561: 



V6558: 



3* primer, mutant specific, carries the TET reporter region (T4029) 
3* primer, normal specific, carries the FAM reporter region (T2120) 



V6715: 



Probes: 



10 



T2120: 



FAM/TAMRA labelled, 
TET/TAMRA labelled. 



T4029: 



Reaction conditions: 

All reactions were in IxARMS buffer with MgCIz adjusted to 3.5 mM final, plus ROX 
internal standard at 60 nM final, and Tag20a at 500 nM. Amplitaq Gold was included at 2 
15 U per 50 ^1 reaction 

Three mixes were typically used- 

a. Normal only reaction, with primers V67 1 5 and V3 56 1 each at 1 0 nM, T2120 at 

50 nM 

b. Mutant only reaction, with primers V6558 and V3561 each at 10 nM, T 4029 at 
20 50 nM 

c. STG with all three primers included at 1 0 nM, both probes at 50 nM each 
Cycling conditions: 

20 minutes at 94*C to activate the Amplitaq Gold 
3 cycles of 94*C, 40s; 64''C, 80s; 72°C, 40s (genomic priming) 
25 40cyclesof94*>C,4s,64*'C, 80s (Tag priming) 

3. BRCA2exonlO polymorphism 

Primers (see Table 1): 
V6631: Tag 20a 
30 R432-96: common primer, tailed with Tag 20 sequence 

V9596: 3* primer, A-variant specific, carries T4029 (TET) reporter sequence 
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W1940: 3* primer, C-variant specific, carries T2I20 (FAM) reporter sequence 
Probes 

T2 1 20: FAM^AMRA labelled, 

T4029: TET/TAMRA labelled, 

5 Reaction Conditions: 

All reactions were in IxARMS buffer wift MgCI, adjusted u> 3.5 mM final, plus ROX 
m.en^ standard a, 60 nM final, and Tag20a at 500 nM, Amplitaq Gold was included at 2 
U per 50 jil reaction 
Three mixes were typically used- 
10 a. "A" only reaction, with primers R432-96 and V9596 each at 25 nM, T4029 at 
50 nM 

b. "G" only reaction, with primers R432-96 and Wl 940 each at 25 nM, T2120 at 
50 nM 

c. STG with all three primers included at 25 nM, both probes at 50 nM 
15 Cycling conditions: 

20 minutes at 94T to activate the Amplitaq Gold 

4 cycles of 94°C, 40s; eO^C, 80s; 72°C, 40s (genomic priming) 

45 cycles of 94°C, 40s, 64'>C, 80s (Tag priming) 

20 4. Factor V Leiden mutation 
Primers (see Table 1): 

V0651 : 3* primer (wild type sequence) with reporter region corresponding to 

T2I20 ^ 

V0652: 3* primer (mutant sequence) with reporter region corresponding to T4029 

25 W4085: Tailed common primer 

Tag 20a: Driver primer found in the common and the specific primers 
Probes: 

T2 1 20: FAMATAMRA labelled, 

T4029: TET/TAMRA labelled, 

30 Reaction mixes: 

All reactions were in IxARMS buffer with MgCl, adjusted to 3.5 mM final, plus ROX 
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intemal standard at 60 nM final, and Tag20a at 500 nM. Amplitaq Gold was included at 2 
U per 50 \i\ reaction 

Three mixes were typically iised- 

a. Normal only reaction, with primers W4085 and V0651 each at 25 nM, T2I20 at 
50 nM 

b. Mutant only reaction, with primers W4085 and V0652 each at 25 nM, T4029 at 
50 nM 

c. STG with all three primers included at 25 nM, both probes at 50 nM 
Cycling conditions: 

20 minutes at 94°C to activate the Amplitaq Gold 

3 cycles of 94°C, 4 1 s; 60°C, 80s; 72°C, 5 1 s (genomic priming) 

45 cycles of 94«'C, 4 1 s, 66°C, 80s (Tag priming) 

15 Validation 

More than 200 clinical samples have been tested blind with the STG mix. In every case, 
the results obtained were concordant with those obtained by clinical collaborators who 
used PGR and restriction digestion to type the same samples. 
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T^BLEl 

com SEOUENCF. 

V663 1 GCGTACTAGCGTACCACGTG 



T4029 
T2120 
V6632 

V6635 

V6634 

V3561 
V6558 

V6715 

V0652 

V0651 



CGGTGGACGTGACGGTACGACGAGGCGACG 
CTGGCATCGGTAGGGTAAGGATCGGTATCG 

GCGTACTAGCGTACCACGTGCACTAATGAGTGAACAAAATTCTCA 
CCATT 

GCGTACTAGCGTACCACGTGTCGACTCGGTGOACGTGACQGTACG 
ACGAGGCGACGGCCTGGCACCATTAAAGAAAATATCATCrr 

GCGTACTAGCGTACCACGTGTCGACTCTGGCATCGGTAGGGTAAG 
GATCGOTATCOGCCTGGCACCATTAAAGAAAATATCATrGG 

GCGTACTAGCGTACCACGTGATCCTGAAACCCAGCTCAAAT 

GCGTACTAGCGTACCACGTGTCGACTCGGTGGACGTGACGOTACG 
ACGAGGCGACGGCOGCACAAATAAAAACTGAACCTGGCTG 

OCGTACTAGCGTACCACGTOTCGACTCTGGCATCGGTAGGCTAAG 
GATCGGTATCGGCGGCACAAATAAAAACTGAACCTGGCTA 

GCOTACTAGCGTACCACGTGTCOACTCGGTGGACGTGACGGTACG 
ACOAGGCGACGTACTTCAAGGACAAAATACCTGTATTCCAT 

C5CGTACTAGCGTACCACGTGTCGACTCTGGCATCGGTAGGGTAAG 
GATCGGTATCGTACTTCAAGOACAAAATACCTGTATTCCGC 



-25- 



GCGTACTAGCGTACCACGTGCAGGGGAAACCTATACTTATAAGTG 
GAACATC 



R432-96 



GCGTACTAGCGTACCACGTGAGAAGTTCCAGATATTGCCTGCTT 



V9596 



GCGTACTAGCGTACCACGTGTCGACTCGGTGGACGTGACGGTACG 
ACGAGGCGACGACTGATCCATTAGATTCAAATGTAGGAA 



Wl 940 GCGTACTAGCGTACCACGTGTCGACTCTGGCATCGGTAGGGTAAG 
GATCGGTATCGACTGATCCATTAGATTCAAATGTAGAAC 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION; 

(i) APPLICANT: 

(A) NAME: Zeneca Limited 

(B) STREET: 15 Stanhope Gate 

(C) CITY: London 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP): Wl Y 6LN 

(G) TELEPHONE: 0171 304 5000 

(H) TELEFAX: 0171 304 5151 

(I) TELEX: 0171 834 2042 

(ii) TITLE OF INVENTION: Process 
(iii) NUMBER OF SEQUENCES: 1 5 

20 (iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1 30 

25 

(V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: GB 9609441.2 
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(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

1 0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 
GCGTACTAGC GTACCACGTG 
(2) INFORMATION FOR SEQ ID NO: 2: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
25 CGGTGGACGT GACGGTACGA CGAGGCGACG 



30 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 3- 

10 

CTGGCATCGG TAGGGTAAGG ATCGGTATCG 
(2) INFORAIATION FOR SEQ ID NO: 4: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 



50 

25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GCGTACTAGCGTACCACGTGCACTAATGAGTGAACAAAATTCTCACCATT 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 86 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GCGTACTAGC GTACCACGTG TCGACTCGGT GGACGTGACG GTACGACGAG 
GCGACGGCCT 60 

15 GGCACCATTA AAGAAAATAT CATCTT 86 



(2) INFORMATION FOR SEQ ID NO: 6: 

20 (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GCGTACTAGC GTACCACGTG TCGACTCTGG CATCGGTAGG GTAAGGATCG 
GTATCGGCCT 60 

30 

GGCACCATTA AAGAAAATAT CATTGG 86 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 41 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 7- 

IG 

GCGTACTAGC GTACCACGTG ATCCTGAAAC CCAGCTCAAA T 
(2) INFORMATION FOR SEQ ID NO: 8: 

1 5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 85 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

25 

CACAAATAAA AACTGAACCT GGCTG 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 85 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

10 

GCGTACTAGC GTACCACGTG TCGACTCTGG CATCGGTAGG GTAAGGATCG 
GTATCGGCGG 60 

CACAAATAAA AACTGAACCT GGCTA 85 

15 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 86 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

25 

GCGTACTAGC GTACCACGTG TCGACTCGGT GGACGTGACG GTACGACGAG 
GCGACGTACT 60 



TCAAGGACAA AATACCTGTA TTCCAT 

30 



86 
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(2) INFORMATION FOR SEQ ID NO: 1 1 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 86 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO- 11 • 

10 

TCAAGGACAA AATACCTGTA TTCCGC 
15 86 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 52 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 12- 

25 

0CGT.CrAOC0T.CC.CCTOC^0CK30...CCT.T.c™T^OTCK^^^^ 



30 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 44 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

10 

GCGTACTAGC GTACCACGTG AGAAGTTCCA GATATTGCCT GCTT 
(2) INFORMATION FOR SEQ ID NO: 14: 

1 5 (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GCGTACTAGC GTACCACGTG TCGACTCGGT GGACGTGACG GTACGACGAG 
25 GCGACGACTG 60 

ATCCATTAGA TTCAAATGTA GGAA 84 



30 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



GCGTACTAGC GTACCACGTG TCGACTCTGG CATCGGTAGG GTAAGGATCG 
GTATCGACTG 60 



1 5 ATCCATTAGA TTCAAATGTA GAAC 84 
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Claims : 

1 . A method for the detection of a diagnostic base sequence in nucleic acid comprised 
5 in a sample, which method comprises contacting the sample under hybridising conditions and 

in the presence of appropriate nucleoside triphosphates and an agent for polymerisation 
thereof, with a diagnostic primer for the diagnostic base sequence, the diagnostic primer 
having a non-complementary tail sequence comprising a tag region and a detector region, 
such that an extension product of the diagnostic primer is synthesised when the corresponding 

10 diagnostic base sequence is present in the sample, no extension product being synthesised 
when the corresponding diagnostic base sequence is not present in the sample and any 
extension product of the diagnostic primer acts as template for extension of a further primer 
which hybridises to a locus at a distance from the diagnostic base sequence, and contacfii^ 
the sample with a tag primer which selectively hybridises to the complement of the tag 

15 sequence in an extension product of the further primer and is extended, and detecting the 
presence or absence of the diagnostic base sequence by reference to the detector region in the 
further primer extension product. 

2. A method as claimed in claim 1 wherein a detector species is used which selectively 
20 associates with the detector region in the further primer extension product 

3. A method as claimed in claim 2 wherein the detector species emits a detectable 
signal when cleaved during polymerase mediated extension of the tag primer. 

25 4. A method as claimed in claim 2 wherein the detector species emits a detectable 

signal upon selective association with the detector region. 

5. A method as claimed in claim 4 wherein the detector species is a fluorescently 

labelled species and the detectable signal arises from a change in fluorescence polarisation 
30 upon selective association with the detector region. 
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6 A m.ft„d as claimed in claim 2 wherdn the detector species comprises two species 

each havng an in,er^,ve label, which labels interact upon selective association with the 
detector region and release a detectable signal. 

5 7. A method as claimed in claim 6 wherein one of the interactive labels is a chelated 

lanthamde and the other is a fiither chelating group. 

8. A method as claimed in claim I wherein the fteher primer extension product is 
captured on a solid phase using a sp^ies which selectively associates with ^ complement of 

10 the detector region in the further primer extension product. 

9. A method as claimed in any one of the previous claims wherein the detector species 
compnses a nucleotide sequence identical to the sequence of the detector region in the tail of 
the diagnostic primer. 

15 

10. A method as claimed in any one of the previous claims wherein the tag primer 
compnses a nucleotide sequence identical to the sequence of the tag region m the tail of the 
diagnostic primer. 



20 1 1. A method as claimed in claim I wherein the detector region m the further primer 

extenstonp^ductisidentified by reference to its size contribution to the further primer/tag 
primer amplification product. 

12. A method as claimed in any one of the previous claims and wherein the further 
25 prmier has a nonK:omplementaiy tail sequence comprising a tag region. 

13 . A method as claimed m any one of the previous claims and wherein the further 
primer is a diagnostic primer. 
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14. A method as claimed in any one of the previous claims wherein the melting 
temperature of the tag primer is higher than that of the diagnostic primer so that an increase in 
temperature provides a switch from diagnostic primer priming to tag primer priming. 

5 15. A method as claimed in any one of the previous claims wherein more than one 
diagnostic base sequence is detected in the sample using more than one diagnostic primer, 
appropriate further primer(s) and tag regions. 

16. A method as claimed in claim 15 wherein the same tag sequence is used in the tail of 
10 all diagnostic primers and/or all fiirther primers. 

1 7. A method as claimed in claim 1 5 wherein an identical detector region is used in the 
tail of all diagnostic primers. 

15 18. A method as claimed in claim 1 5 wherein one further primer is used with more than 
one diagnostic primer. 

19. A method as claimed in any one of the previous claims wherein a terminal 
nucleotide of at least one diagnostic primer is either complementary to a suspected variant 

20 nucleotide or to the corresponding normal nucleotide. 

20. A diagnostic primer having a non-complementary tail sequence comprising a tag 
region and a detector region. 

25 21. A diagnostic primer having a 3 ' terminal nucleotide either complementary to a 
suspected variant nucleotide or to the corresponding normal nucleotide and having a non- 
complementary tail sequence comprising a tag region and a detector region. 

22. A method for the identification of one or more variant diagnostic base sequences 
30 against a background of normal diagnostic base sequences which comprised the use of a 
method as claimed in claims 1-19 or a diagnostic primer as claimed in claims 20-21. 
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23. 



A kit comprising one or more diagnostic primers as claimed in claim 20 or claim 21 
together with appropriate packaging and instructions for use in a method as claimed in any 



one of claims 1-19 or 22. 
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